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(54) Title: MULTIPLEX UGATIONS-DEPENDENT AMPLmCATION 
(57) Abstract 

A method of multiplex amplification features a plurality of split probe 
reagentt ("SPRs") each of which includes a target specific region defined by its 
r and 5* ends and. in non<ofnplementary regions ("NCRs"), primer binding sites 
(TBSs-) that are common to each split probe reagent llie 3* and 5* ends of 
each SPR are ligated togedier only when hybridized to its target-specific template 
tttm^ but, once joined, all SPRs can be amplified by a common primer set in a 
PO^ leacuon. SPRs may be a continuous stnnd. the ends of which are ligatable 
to form a loop, or they may be distinct polynucleotide pairs. Specialized sequence 
segments may be employed to facilitate detection on the basis of specific sequences 
and/or length. 
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Multiplex L1git1ons*dependcnt Amplification 

Field of the Invention 

The invention relates to methods for amplifying and detecting a target 
nucleic add sequence and, more particularly, to a method for specifically 
amplifying multiple target sequences using a single pair of primers. 

5 Background of the Inventign 

One well-known method for amplification of target nucleic acids is the 
polymerase chain reaction (PCR). In PCR two primers (of opposite "sense") are 
employed in excess to hybridize at the outside ends of complementary strands 
of the target nucleic acid. The primers are each extended by a polymerase using 

1 0 the target nucleic acid as a ter :p'::Le. The extension products are dissociated 
from the original target stran J md the extet\sion product of one primer 
becomes template for extension of the other primer as is well understood in ihe 
art. The cycle of dissociation, reannealing and extension is repeated to increase 
geometrically the number of target sequence molecules. PCR is described 

1 5 further in U.S. Patents 4,683,195 and 4,683,202, both incorporated herein by 
reference. 

An alternate mechanism for anii^ of target nucleic acids is 

known as ligase chain reaction (LCR). In LCR, two sets of probe partners are 
used which includes one set of primary probes (first and second probe partners) 

20 and a second set of secondary probes (third and fourth probe partners) all of 
which are employed in excess. One probe partner hybridizes to a first segment 
of the target strand and the other probe partner hybridizes to a second segment 
of the same target strand, the first and second segments being contiguous 
(either with or without a template-dependent correction step) so that the 

25 primary probes abut one another in 5' phosphate-3' hydroxy 1 relationship and 
so that a ligase enzyme or other reagent can covalently fuse or ligate the two 
probes of the partner set into a fused product. In addition, a third (secondary) 
probe can hybridize to a portion of the first probe and a fourth (secondary) 
probe can hybridize to a portion of the second probe in a similar abutting 

30 fashion, either with or without correction. Of course, if the target is initially 
double stranded, the secondary probes will also hybridize to the target 
complement in the first instance. Once the fused strand of primary probes is 
separated from the target strand, it will hybridize with the third and fourth 
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probes which can be li^a^*.H 

complement. By repeated cycles of hT!, *' " 

*e .a.«et sequence 1 ;"':r;;rr;et:;^^^^^^ 
5 K B^ekman, « EP-A^ 320308 and in EP-I-O 439 ,« k t ""'"""^ 
reference in their entirety ^ """porated by 

a.scri.:dt''^r^^r -5--- ro.., . 

of a target strand using a diagnos«cZ^T ""^ao" 
0 which are ligated by a ligas^H!? """8""" «« two of 

-reiiga^on. See U. Patent^.^.^rJ^t^^-- ~n 

n-oiety is „sed to a^ar^uV^": " ^r^r * ""P'"^ 
bridging mol«rul.. «~"P *» *« ^'g" strand / via the 

Other amplification methods include the so^alJ^H " n- 
method, which is disclosed in WO92/018n m l ! !? """""^ 
In this method a circular, sin.^^^l! ' ^""T """^''^ ^"^ 
Hybridizes to it. I^e pHmeTf e :rde V^^^^^ ' ^ ^'^^^ 

thereby creating multiple copies coTn7 "''^^ 
Preferably the cLlar teLpCi^^^^^^ " ^^^"'^ ^-P^-e. 

that the resulting repeating^oly::^':^ e ^1:' ^ ^'""^^ 

one circumference. segments representing 

T^^'--'^'^:^::::::^^^^ p-ce of 

of multiple primer sets to simultaneously ampf^ mi ,f DMn*" 
sequences by PCR. a similar disclosure is madeTn^l [ ? 

(1988), LCR has sililTr '^d " " ' 
manner to determine the presence of ml ! . ' 

re«tion <see, e.g. WO^S/a^H blrht^ ^TtLTr'' ' 

required for each target sequence desired tot d^^d sZ" """^ 

a. appro.ma.e,y the slmelre.t S T;::^- -,o. 
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multiplex reaction to optimize signal development by changing cycle 
parameters (e.g. cycle time, cycle temperature or the number of cycles) from one 
pnmer/probe set to another; all must amplify within a constant set of cycle 
parameters. This has necessitated careful titration of primer/probe 
concentrations and has resulted in compromises that reduce the overall 
efficiency of amplification. 

The generation of circularized probes following a target specific ligation 
step has been described by Nilsson et al. in Science, 256:2085-2088 (1994) The 
circularized probes, dubbed "padlock probes" due to their catenation with the 
target, were used for the identification of clones in genomic libraries, fragments 
m blots of whole genomes or for in-sihi analysis of chromosomes. The ability 
to perform direct hybridization assays with reduced background is possible by 
removal of label fi^>m unligated probes, either by alkaline phosphatase 
cleaveage of 32p ubel, or by exonucleolytic degradation of the unhybridized 
oligonucleotide probes. Circularized probes are resistant to label removal and 
degradation since they contain no free 5' or 3' ends. 
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The present invention overcomes these and other diffi«,l.- u 
prov,dmg methods and kits for multiplex amplificat o^in 'w^^^^^^^^^^ , 
common primer pair is used to amplifV solit nrnJ ' '""^'^ 

target sequence. TT.us, a single pX^set t LL7"'T.'^"^'^ 
reaction conditions can be optimiirLrt' . ampUfication and the 
efficiency of amplification. ^ '"^'^ ^^^^^ *° ----e the 

In a first aspect the invention is a method for amnWA • 
acid sequence comprising: amphfy^g a target nucleic 

(a) forming a reaction mixture under hybridizing conditions with 

(1) a sample suspected of containing a tareet st«nH ^-.u 
target sequence of interest, the tareet strand LIT ' 
stranded form- ^ ^^"^^ ^'^^^ ^ single 
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(li) at least one split probe reagent having a 5' end 
comptanentary to a first segn«„, », the targe, strl anTa 3" end 
complementaty to . second segment of the target strand 1 . 
segment being sufficiently near me first segme^'j 5- e'^" . 
joined to the 3' end when the spUt probe r«ieent is Lwh . 
target strand, wherein said 5' end a^d sli^^Z «he 
polynucleotides or on differenTends o? °" °" 

.He split probe reagent ^^^gl I.~r ^''^^ 
located downstream of the S" end Jno, co^Te-^Xr^ 
strand, and a second non.omplemen.a,y regio^l^^ru "s.^ ^'^^ 
3 end and not cSmplementaty to the target strand; and ' 

(m) agent for ligating together said 3' and 5- ends of ,■ 
probe reagent; enas of the split 

(b) ligating together said 3' and 5' ends of (h. 

(c) separating the ligated probe from the targe, s,r«,d- 

W) treating the reaction mixnire under hybridizing c;ndi,ions with- 
(.) an excess of primers wherein a firs, primer has a ^nu.T' 
complemen,ary ,0 a primer binding site rPBS"l iLT J ^ " 
complementary region; and wherefn pri^r^t^^ 
identica, ,0 a si.e ("PBS- located in said seconZo™ ~ 
rcg,on, with ,he proviso ,ha, if said spli, probe reage mTcon, k 
primer bindrng s,.e located in said firs, nL-comp em" I v r "T" 
ups,ream of said si,e ,oca,ed m said second non^om;::::.::':;^^ 
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(ii) a supply of deoxynucleotide triphosphates; and 

(iii) an agent for inducing extension of the primers; 

(e) extending the first primer to form an extension product 
therefrom; 

(f) treating the reaction mixture under denaturing conditions to 
separate primer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions to 
anneal the primers to the ligated probe or to extension product of the firet 
primer and extending the primers to form extension products therefrom. 

In a multiplex system, there is generally one or more split probe reagents 
("SPR") for each target one desires to detect. Each SPR has a 3'/5' end specific 
for a different particular target, and has two sequence segments common to all 
SPRs that serve as primer binding sites ("PBS") or complements thereof (the so- 
called PBS' site). 

Preferably the agents for ligating and for inducing extension are 
enzymatic agents such as a DNA Ugase and DNA polymerase, respectively The 
polymerase is preferably thermostable. Since the ligase need not be active 
through the cycling steps, it generaUy need not be thermostable, but in cases 
where hybridization is performed under stringent conditions, (e.g. high 
tempreature) some degree of thermostability may be desirable. Generally steps 
(f) and (g) are repeated from 2 to 100 times, more typically from 15 to 50 times. 

It may be preferable to include specialized segments for detection within 
the SPR in a location that will be amplified by the primers. These segments 
may include another sequence that is common for each SPR/target, specific for 
each SPR/target, or sequences located between the PBSs that vary sufficiently in 
length that amplification products from one SPR can be distinguished from 
amplification products from a different SPR on the basis of length differences. 

It may be desirable to separate unligated SPR from the reaction mixture 
either before or after the ligating step, but prior to amplification. This may be 
accomplished by removal of the SPR:target complexes or, in one embodiment, 
by degradation of excess single stranded SPRs. 

In another aspect, the invention is a kit containing the reagents 
necessary to perform the above methods, and optionally including instructions 
for use. The reagents may be in one or more containers and will include at 
35 least: 

(a) one least one split probe reagent as defined above for each target to 
be detected; 

(b) an agent for ligating the split probe reagent; 
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(c) primers as defined above; 

(d) a supply of deoxynudeotide triphosphates; and 

(e) an agent for inducing extension of the primers. 

Brief DpsrripHnn nf DrawiT^ g,,^ 

Figures la through Ih are a representation of the method steps of 
amplifying a target strand of nucleic acid according to one embodiment of the 
present invention, wherein the spUt probe reagent comprises one continuous 
polynucleotide, the ends of which are complementary to adjacent segments of 
the target sequence such that the ends are ligatable when hybridized to the 
target. 

Figures 2a through 2h represent the method steps of the embodiment of 
shown m Figures la to Ih wherein there is no target sequence present. 

Figures 3a through 3h are a representation of the method steps of 
amplifying a target strand of nucleic add according to a different embod.-ri-t 
of the present invention, wherein the spUt probe comprises two distinct 
polynudeotides, the ends of whidi are complementary to adjacent segments of 
the target sequence sxidx that the ends are ligatable when hybridized to the 
target. 

Figures 4a through 4h represent the method steps of the embodiment of 
shown in Figures 3a to 3h wherein there is no target sequence present. 

It should be noted that the subparts (a-h) of Figures 1^ represent the 
same corresponding stage of the process in each of these Figures. Also Figures 
1 and 2 are related in showing the same embodiment with and without target 
respectively. Figures 3 and 4 are similariy related, showing the same 
embodiment with and without target, respectively. 
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Detailed Descriprion nf fhp Iri^fntlnn 

The various aspects of the present invention will now be described in 
more detaU. It will be noted that all publications, patents and published patent 
application menHoned herein are incorporated in their entirety. 

A.. Terminology 

"Amplification" refers to the process by which additional copies of a 
target sequence are synthesized. Generally amplification involves repeated 
cycles of annealing, synthesis and denaturation. Synthesis is typicaUy by a 
process of extension or elongation. "Multiplex" amplification refers to an 
amplification process wherein a plurality of distinct target sequences are 
amplified simultaneously in the same cycles of amplification. PluraUty means 
at least two, preferably three or more distinct sequences. 

"SpUt probe reagent" or "SPR" refers to a reagent that is one or two 
polynucleotides which include ends complementary to a specific target nucleic 
acid sequence. "Polynucleotide" includes non-natural binding reagents, such as 
peptide nucleic acid analogs (PNAs), that are capable of specifically binding to 
natural nucleic acids. A split probe reagent ("SPR"), whether consisting of one 
or two polynucleotides, generaUy has total length between 20 and several 
hundred nucleotides. More typically, the length of a single, continuous split 
probe reagent is between about 50 and 300 nucleotides; and the length of each 
half of a dual spUt probe reagent is between about 15 and 100 nucleotides. 
While the minimum length is important, the maximum length is dictated 
only by manufacturing economy and practicality. 

Split probe reagents can be made by synthetic methods such as the 
phosphoramidite or H-phosphonate methods, particularly when shorter probes 
are desired, or they can be made by standard cloning methods. It is also possible 
to synthesize a split probe reagent in one or more smaller fragments and to 
ligate the fragments together in a desired order using one or more synthetic 
templates that span the assembly junctions. Alternatively, a single strand 
template can be synthesized and large quantities of a complementary split probe 
reagent can be manufactured using a polymerase and a single primer that 
hybridizes to the template at the 3' end. 

"End" refers to a region or segment of a polynucleotide which includes 
the terminus and the next several adjacent nucleotides. The precise length of 
an "end" is relatively unimportant and variable. For example in the split probe 
reagent, an "end" may include up to the last 50 nucleotides of the probe 
usually up to the last 30 and more typically the last 5 to 25 or so nucleotides 
"End" may refer to either the 5' end or the 3' end. In the case of a split probe 
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reagent comprising two distinct polynucleotides (and therefore having four 
ends), "end" refers to those ends which are target-specific and will participate ii 
the ligation event. By contrast, "terminus" refers to the very last 5' or 3' 
nucleotide of a polynucleotide. 

It is not necessary that the two "ends" be the same length. In fact, if the 
hybridization and ligation of the SPR take place in the presence of an agent for 
inducing extension and a supply of nucleotide triphosphates, it may even be 
desirable to use a 5' end that is longer than the 3' end. This tends to facilitate 
hybridization of the 5' end relative to the 3' end and is important to avoid 
extension of the 3' end on the target under these conditions. 

According to the present invention the ends of the split probe reagent 
("SPR") are designed to be specific for a particular target of interest so that, 
when hybridized to the specific target, the ends are joinable to one another. In 
this regard the patent of Whiteley provides additional teaching with regard to 
target specific sequences that are ligated on the target-template. 

"Downstt-eam" refers to the 3' direction while "upstream" refers to the 5' 
direction on any given stirand. Thus, when a particular sequence or event is 
located or occurs "downstream" of another specified location, the sequence or 
event can be found moving along the same strand in the 3' direction of the 
specified event. As a result, the downstream (as weU as upstream) directions of 
two complementary nucleic acid sti-ands hybridized in conventional anti- 
parallel fashion will be in opposite directions. 

"Hybridization" or "hybridizing" conditions is defined generally as 
conditions which promote annealing. It is well known in the art, however, 
that such annealing is dependent in a rather predictable manner on several 
parameters, including temperature, ionic strength, probe length and G:C 
content of the probes. For example, lowering the temperature of the reaction 
promotes annealing. For any given set of probes, melt temperature, or Tm, can 
be estimated by any of several known methods. Typically, diagnostic 
30 applications utilize hybridization temperatures which are slightly below the 
melt temperature. Ionic strength or "salt" concentration also impacts the melt 
temperature, since small cations tend to stabilize the formation of duplexes by 
negating the negative charge on the phosphodiester backbone. Typical salt 
concentrations depend on the nature and valency of the cation but are readily 
35 understood by those skilled in the art. Similariy, high G:C content and 

increased probe length are also known to stabilize duplex formation because 
G:C pairings involve 3 hydrogen bonds where A:T pairs have just two, and 
because longer probes have more hydrogen bonds holding the probes together. 
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Thus a high G:C content and longer probe lengths impact the "hybridization 
conditions" by elevating the melt temperature. 

Once probes are selected for a given diagnostic application, the G:C 
content and length will be known and can be accounted for in determining 
S precisely what "hybridization conditions" will encompass. Since ionic strength 
is typically optimized for enzymatic activity, the only paiameter left to vary is 
the temperature. For improved specificity, the hybridization temperature is 
selected slightly below the Tm of the probe; typically 2-15 * C below the Tm. 
Thus, obtaining suitable "hybridization conditions" for a particular probe set 

1 0 and system is well within ordinary skill of one practicing this art. 

Conversely, "denaturing" or "dissociating" conditions refer to conditions 
where stringency is increased such that a given probe or probes no longer 
hybridize. For example, under given ionic conditions increasing the 
temperature to a point 5-15' C above the Tm of a probctemplafe duplex results 

15 in a denatiuing condition. 

"Ligate" means to covalently join. Agents for ligating iitdude 
enzymatic, chemical and photochemical means. Preferred enzymatic ligating 
agents include DNA ligases and the like. Thermostability is not required of 
these ligating agents. Suitable enzymatic ligases are commercially available 

20 from numerous sources, such as New England Biolabs, Stratagene, Molecular 
Biology Resources, and others. Photochemical ligation methods are also 
known in the art See e.g. EP-A-0 324 616 (Amoco) and WO90/01069 (Segev). 
When the ends of the split probe reagent are ligated, a ligation junction is 
formed. The ligation junction should be formed so as not to interfere with the 

25 ligated product serving as template in subsequent cycles. 

"Extend" means to grow or to make longer as is well known in the art of 
primer extension and polymerase chain reactions, and generally employs an 
agent for inducing extension and a template. Agents for inducing extension 
include, for example, polymerases and reverse transcriptases. As in PGR, 

30 preferably the agent for inducing extension is thermostable in order to 
withstand the denaturing conditions of strand separation. Numerous 
thermostable polymerases are commercially available, including those derived 
from Thermits aquaticus ("Taq") and Thermus flavus {"Tfl") organisms. 
Enzyme fragments, such as Klenow and Stoffel, that have the ability to extend 

35 are included within inducing agents. 

"Primer" is used with its conventional meaning and refers to an 
oligonucleotide which can be used for a template-directed extension reaction. 
For example, when an oligonucleotide having a free 3' hydroxyl is hybridized 
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m the presence of deoxynucleotide triphosphates with a DNA template that 
continues in the 5' direction, it presents the proper substrate for a DNA 
polymerase to extend the primer by the template directed addition of 
nucleotide triphosphates. It is common knowledge that PCR amplification 
requires two primers oriented in opposing directions; however, the sequence^ 
of the primers of the invention need not be different. In other words the san 

r^pc""" Pf"* ^''^^'^ ^ ^'''^ ^ the present invention, since 

me PBSs need not be target specific. This may not be desirable, however due t 
the potential for the PBSs to cross hydridize with one another. 

"Target" refers to the section of nucleic acid that one hopes to amplif v 1 
may comprise RNA c. DNA and may or may not originate from a clinical 

lu'T"'''^ °' ^^P^' ^"cous, and 

the like. When extracted from a clinical specimen, it may be necessary to Ivse a 

cell to release the target nucleic add into the reaction mixture. Methods such a 
heatmg, detergents, base, and mechanical pressure are wdl known and suitable 
for this purpose. 'Target" may also refer to a secondary mediator or 
intermediate probe that is capable of hybridization with a primary target 
through one or more intermediary binding members; and to any other natural 
or synthetic nucleic add or analog thereof. Target strands may be present 
mihally in double-stranded form whidi are separated for hybridization with 

Where "target" originates from a dinical specimen, the notion of 
"multiplex" may take on several nuances. In genetic testing, for example 
multiplex targets can often be selected from among the several known genetic 
mutations that contribute to a genetic disease. This is the case in cystic fibrosis 
or DMD. Conversely, a multiplex assay may comprise tests for several genetic 
diseases in one assay. In the field of infectious diseases a similar situation 
holds true. One might construct a multiplex assay that tests for all types of 
human papillomavirus; or for all known HIV variants; or for multiple species 
of Mycobacterium. Conversely, a multiplex assay might examine multiple 
pathogens that are related only in that they have a propensity for infecting the 
same specimen types. A multiplex test for both Chlamydia trachomatis and 
Nejsserta gonorrhoeae illustrates this type of multiplex. 

Regardless of the type of multiplex assay, a particularly useful technique 
for which the invention is adapted is allele discrimination. Whether for 
detection of point mutations or determination of antibiotic resistance the 
power of the present invention to discriminate alleles differing by a single base 
compares favorably with OLA and its gap-filling cousins described below 
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Mismatches can be distinguished when they occur at or near either the 5' or 3' 
termmus of the split probe reagent, or in the gap if a gap-fiUing split probe is 
employed. The advantage of the present invention permits amplification by a 
common primer pair, but only if the desired allele was present in the first 
mstance to ensure the ligation junction. 

"Affinity member" refers to either member of a pair of specific binding 
hgands. An affinity member thus always has a corresponding or other memL 
to which it WUl specifically bind. Many examples of such affinity members are 
known and include antibody-hapten pairs, complementaiy polynucleotide 
pairs, b»otm-avidin pairs; sugar-lectin pairs, protein-receptor pairs, nucleic acid- 
nucleic acid bmdmg proiein pairs and the like. 

The term "label" refers to a molecule or moiety having a property or 
characteristic which is capable of detection. A label may be directly det^ble, as 
with radioisotopes, fluorophores or chemilumiphores; or a label may be 
mdirectly detectable, as with haptens or polynucleotide tails. When indirect 
Ubels are used for detection or signalling purposes, they are used in 
conjunction with a signalling entity complex. A "signalling entity" is a 
molecule or moiety which provides the detectable property or characteristic, 
n^e signaUmg entity may be direct, as with a colloidal particle (e.g. colloidal 
gold or selenium); or it may be indirect, as with an enzyme (e.g alkaline 
phosphatase, p-galactosidase or horseradish peroxidase). Indirect signalling 
entihes may require additional components, e.g. substrate, as is well known in 
the art. The "signalling entity complex" includes a .signalling entity conjugated 
to specific bmdmg partner, such as an antibody or polynucleotide Such 
conjugates may be prepared according to any known method of conjugation. 

B. Methods of the Invention 

The invention will now be described with reference to the drawing 
figures. Figures 1 and 2 represent one embodiment; Figures 3 and 4 represent 
another embodiment. Also, Figures, 1 and 3 depict what happens when target 
IS present; Figures 2 and 4 depict what happens when target is absent. It should 
be noted that the subparts (a-h) of Figures 1-4 represent the same corresponding 
stage of the process in each of these Figures. For ease of discussion, the Figures 
and the ensuing description describe amplification and detection of a single 
target. However, the true advantage of the invenHon is realized when 
multiple targets are amplified and detected at one time using multiple split 
probe reagents, one specific for each target and each having in common the 
sequences for primer binding sites. 
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As mentioned previously, there are two main embodiments of the 
mvention. Referring first to Figure 1, a spUt probe reagent ("SPR") 10 
comprises a continuous single-stranded polynucleotide. In the other maior 
embodiment (Figure 3), the SPR 50 comprises two distinct polynucleotides or 
halves 51 and 52. Since many elements are common to both embodiments 
they are designated with single reference numeral in both embodiments ' 
Where differences occur between embodiments they are separately discussed 

In a first step of the method, the spUt probe reagent or "SPR" is combinec 
under hybridizing conditions with a solution suspected of containing a tareet 
nucleic acid sequence. As is shown in Figures la and 3a, the SPR 10, 50 include* 
a 5 end 14 and 3' end 16 which are complementary to and hybridize specifically 
with the target 12 at adjacent or nearly adjacent positions to faciUtate joining of 
the 5' end 14 to the 3' end 16. In this regard, it is well known in the art that 
DNA Ugases are capable of covalently joining such ends which present a 5' 
phosphate and a 3' hydroxyl termini at adjacent positions on a template Other 
jommg methods may be used when the positions are not precisely adjacent 
For example, both chemical and photochemical joining methods have been 
descnbed in the art (See EP-A-O 324 616 (Amoco) and WO90/01069 (Segev) In 
yet another variation, a small gap may be left between the 5' and 3' termini the 
gap being filled prior to joining by a polymerase and a supply of less than all 
four nucleotide triphosphates. This type of gap filling reaction is well known 
m the art and is described in U.S. 5,185,243 (Ullman), EP-A-O 246 864 (Carr) and 
EP-A-O 439 182 (Abbott). ^' 

Once the SPR 10, 50 and the target 12 have hybridized, an agent for 
hgating the 3* and 5' ends is employed to form a ligated probe 18. 58 having a 
hgation junction 20 as shown in Figures lb and 3b. 

The SPR 10, 50 comprises several other segments which should be 
discussed. SPR 10 comprises one or more regions that are not complementary 

C'N^^X Tr". "^"^ " ' non-complementary region 

( Nv.R ) 22.- which IS downstream of the 5* end 14, and a second non- 

complementary region ("NCR") 24, which is upstream of the 3' end 16 (see 

Figure lb). It should be understood that in SPR 50 (and ligated probe 58) the 

first NCR 22 typically extends downstream all the way to the 3' terminus 

Similarly, second NCR 24 extends upstream all the way to the 5' end 

However, SPR 10 (and ligated probe 18) comprises but a single, continuous 

strand looping back on itself. In this embodiment, the first NCR 22 can extend 

only up to the second NCR 24 and no further. In other words, the first and 

second NCRs cannot overlap. It is arbitrary, however, where in the loop these 
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NCRs converge. To simplify the discussion, it will be presumed that the point 
of convergence is arbitrarily set nearer to the 5' end, i.e. in the lower left portion 
of the loop (see Figures) and that the 5' ends of the primer binding sites (see 
below) define the boundary of the NCRs. In this way, the primers amplify a 
regions including both entire NCRs and the 3' and 5' ends. 

Referring now to Figures Ic and 3c, it will be seen that the first NCR 22 
includes a first primer binding site ("PBS") 26. It is to this site that an 
amplification primer 28 will bind as is discussed below. In addition, second 
NCR 24 includes a site 30 which contains a sequence identical to that of a 
second primer 32 (see Figures le and 3e). As is well understood in the art of 
PCR, the site 30 is complementary to a second primer binding site or PBS 34 as 
shown in Figures Id, le, 3d and 3e. For this reason, the site 30 may be referred 
to as "the second PBS' site" the "prime" designaHon being a common way to 
identify a complement. 

It is important for multiplexing according to the invention that the first 
and second PBS be the same for each SPR. While exact sequence identity is not 
essential- primers can be made to hybridize and extend on templates with 
some mismatches- there is no reason not to utilize exact identity. Since target 
specificity lies in the 5' and 3' ends (14,16) of the SPR, the remainder of the 
20 polynucleotide need not have unnecessary variance. In this way a common set 
of primers is used to amplify the SPR, but amolification results only if the split 
probe has been joined to form the ligaHon junction. 

Both the first and second NCRs 22, 24 may also contain other specialized 
sequences for various purposes, such as to facilitate separation and /or detection 
25 of hybrid complexes. These are discussed in more detail below. 

Once a ligated probe 18, 58 is formed, it serves as a new template for 
ampUfication by a pair of common primers. Prior to amplifying this template, 
however, it may be preferable to separate ligated probe from unligated SPRs. 
This can be done by a number of techniques. For example, under hybridizing 
30 conditions the complex of ligated probe and target may be separated from the 
reaction mixture through the use of affinity members. Affinity members 
useful for this purpose include antibodies capable of recognizing duplex 
structures, and /or a capture hybridization probe specific for a different segment 
of the target strand. Alternatively, in the case of the dual SPR 50, an affinity 
35 agent attached to the polynucleotide 52 may also be used for this purpose. 

Although this affinity mechanism will isolate both ligated and unligated split 
probe halves 52, it will at least remove unligated split half 51 which is more 
likely to generate background than half 52. 
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As an alternative to physically separating ligated probe complexes it is 
also possible for continuous strand SPRs to perform a separation by degrading 
unhgated and uncomplexed single-stranded probes. Exonucleases are known 
to attack polynucleotides from exposed ends; but there are no exposed ends in 
the ligated continuous probe 18. 

Whether or not complexes are separated, the next step involves the 
performance of PCR using the ligated probe as template. This step may involve 
the addition of reagents suitable for amplification or, with suitable precautions 
the amplification reagents may have been present in the reaction mixture from 
the start. As iUustrated in Figures Ic and 3c, the reaction mixture is placed 
under hybridizing conditions such that first primer 28 hybridizes with the first 
PBS 26 located in the first NCR 22. In the presence of an agent for inducing 
extension and suitable nucleotide triphosphates, primer 28 is extended using 
the hgated probe as its template to form an extension product 36 Upon 
denaturation, the ligated probe 18 or 58 is separated from the extension product 
36 as IS shown in Figures le, Ig, 3e and 3g. As additional cycles of denaturation 
annealmg and extension are performed, the excess of first primers 28 continue ' 
to hybridize to ligated probe 18, 58 and to form extension products 36 as shown 
m Figures Ig, Ih , 3g and 3h. It wiU be obvious that each extension product 36 
will mclude a second PBS 34 as a result of extension over the second PBS' site 
30 found in the second NCR. As shown in Figures le and 3e, second primer 32 
will hybridize under hybridizing conditions to the PBS 34 and, in the presence 
of an agent for inducing extension and nucleotide triphosphates, will be 
extended to form second extension product 38. It will be readily recognized by 
those skilled in the art that extension product 38, by virtue of extension to the 
end of extension product 36, will also contain the first PBS 26. It is this 
inclusion of the second PBS in the extension products of the first primers, and 
vice versa, which permits the exponential amplification in PCR reactions 

In Figures 2a to 2h and 4a to 4h, is shown the same progression of events 
as they would occur in the absence of target. Figure 2a shows the continuous 
split probe 10 including the 5* end 14 and 3' end 16, as well as the first NCR 22 
and the second NCR 24. Similarly, Figure 4a shows the dual SPR 50 including 
the 5- end 14, the 3' end 16, the first NCR 22 and the second NCR 24. In the 
absence of target, no ligation junction is formed as is shown in Figures 2b and 
4b. If unligated SPR is not separated out, first primer 28 can anneal to its PBS 26 
is shown in Figures 2c and 4c and, as shown in Figures 2d and 4d, a partial 
extension product 66 is formed. But in the absence of a ligation junction the 
extension product is incomplete as shown in Figures 2d and 4d. Nevertheless 
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split probe 10 and split probe half 51 will continue in subsequent cycles to 
provide a PBS 26 for first primer 28 and mulHple incomplete extension 
products 66 will be formed as is shown in Figures 2e, 2f, 4e and 4f. In the 
absence of extension across the ligation junction, extension product 66 will 
5 never contain the second PBS 34 which would permit hybridization and 

extension of the second primer 32. Thus, as shown in Figures 2g, 2h, 4g and 4h 
there wUl be no second extension product whatsoever and, thus, no 
exponential amplification. 

The great advantage of the present invention is that each split probe 
1 0 reagent can be designed to include 3* and 5' ends which are specific for a 
particular target, while including in their NCRs two sequences that ensure 
PBSs which are common to a pluraUty of SPRs. In this manner, a single set of 
common primers, and a single set of amplification conditions which are 
optimized for the common primers, can be used to amplify a plurality of target 
1 5 sequences without sacrificing or compromising the efficiency of amplification 
Double-stranded amplification products are generated only in the presence of 
the specific target of interest, which causes formation of the ligation junction. 
Accordingly, even under common, simultaneous reaction conditions, a specific 
SPR will be amplified only if its specific and unique target was present initially 
20 to cause ligation of the split probe reagent 

Detection of the target sequence(s) proceeds according to any known 
method for detecting the amplification products of a PCR. Several possible 
methods are discussed below, keeping in mind the requirements imposed by 
multiplex assays. The first consideration is whether or not it is necessary in a 
25 particular case to differentiate among the targets detected in a multiplex assay 
Depending on the targets, differentiation may not be require. For example, 
multiplex assays may be performed to detect HTV-l and HIV-2 but the 
practitioner may need to know only whether either is present.' Similarly, a 
practitioner may need to know only that a patient is infected with a "high-risk" 
30 HPV type, not whether it is type 16, type 18 or type 33. In these cases it is 

uneccesary to differentiate among the various targets and a generic detection 
scheme may be used. 

In contrast, when the practitioner needs to differenfiate the targets, a 
discriminating detection scheme is required. For example, in genetic testing it 
35 may be necessary to know which of two or more alleles is present. In such cases 
where discriminating detection is desired in heterogeneous assays, it is 
preferred to use a capture system and label system such that at least one 
(capture or label) system is unique for each target and specific for the 
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«mplmcaHon produc. made in the presence of ,h . 
be com , mf/Z "ett 
Several methods of unique cantur. . ? ' 
wi* an i«™o.iii«d or immoli;:^. ^o^' J '-'"^^ "ytridi., 
segment of the SPR (or ampliiication p,^^ "-"P'-n-entaty to a unique 
segment may be the target tLdfic ^^T. ^"^ = >^q« 

d»«nc. unique segment ins^^itZtT;™":,'' 'T' " " ^ 
By using unique capture ,„ physicaBy Z^^'^J. 

label can be atUched to aU yet the » »mmon 

separahon. ^ " *'^""«»»<' <>" the basis of sp," 

basis o""ave1^^,^^"^*^*"' '"^^ differentiated, such as on the 
^beis can differentiate, as can'C,t.^L T^' f-""^ ^'o'ed par«C. 
wavelength. It n„y be simpler to DeT^ ^'^lomiphores of varying 
employ . common label/deU^^ l'™'"* "PWsepatation^* 
»K«>I«. ides which can be Dh JLT '^'"'P''' or 

filtration, ciwomatography, Z '^L"^'"'^ manipulation 
"«y be used as a soUd pha^e. Sepamble ^^T^*"""' ete.) 
specie binding member that, dSc^y or^fT" «^ ""ed with a 
m^nbers, is capable of recognizi^'::^,^^^,'""™""'^ binding 
therefrom,. After ampiificaSon a.*^ i^l ™ ««on product 
Pbases are separated and a common la^ u^L "mf ' »Ud 

overlap with the primer regions !ir^>^ ^ ™* may 

be ^ss desirable due to pot^^i Z .^'IZT" 

^■«»ct segmen,, prefe„bly between the a^d TT A 

downstream from the PBS" sequence) as is ,L " (and 
Alternatively, a common cap^„ oT.," " t""" « P'='erred. 

v.a the primers. Since the primers a^t^°" be introduced 

specific binding member is easHylcZtTr ,' '"^ " or 
For example, the primers may contra^.""' 'Z "^'""""^ ^"'^-'s. 
otherwise coupled to specific binding membl^ ""'"^'"'"^ " 

terminus. Techniques for so label,"! ZZ ' ^"'""^-'^ " *eir 5' 

Prom the above discussion 'de" I.T " 

~ - '0 -te s:ro:tr - rr 
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amplification products. For example, it may be desirable to include 
more sequence segments for the isoUtion or capture of ex ^tn t T " 

Another specialized insertion may simply include an .h^ *. . . 
segment, the sequence of which is unimportant p^wd^ 
target specific regions or PBSs. Where the Hf T ' '^^"'"^ 

on a ge, it is possible to differen^^f^l^ oTSr^rofCtr .7 
molecular weight) as is well known. For example a SPr I^t 
target sequence might have 3' and 5' ends of iTJl;^ 'j^"* 

NCRs of 20 bases each with the PB& .ZT I ' 

- ^^^^'^'ttheextremeoutsides fora 

amplification product length of 70 bases A SPR f«r . 

second SPR will be 80 hZ.T7^J^^ amphfication products of the 

»>e 80 bases and differentiable from those of the fir*f cpd 
Smularly, a third (and subsequent) SPRs might have 3' I^d S ^ 
individual targets and comparable NCRs^tf. .dH « ^ " 
in length for each distinct sk tL^Z^^! ^^T^^^^^ ^77' 
routme to discriminate base pair differences nf in « ^ ^^'"^^ 

^00 tou. bases. Such geU mf, be'vH:::^ LLni^r e2' " ^ " 
brom.de or by employing isotopically Ubeled primers ^ 

Of course, there are many variaHons on this technique all of wSi 
wtthm *e invenHon. including the use of mediator cap^t p^be I 
d^dosed in U.S. Patent 4,751,177 to Stabinsky; and the u» of ,? ! 
detection probe as is disclosed in US. PatenU 882 «, to L . 
variations include virtuaUy any order of cornel" ^rj:: 

needs, and va^ cap:.r::;d:mgu°'ra::r " 


35 


C. ;Ci7s o/ the Invention 


Kits according to the invention include a suitable suddIv of th . n ■ 
reagents in one or more suitable containers- ^ 

- at least one SPR for each desired target nucleic acid sequence- 
an agent for ligation, preferably a ligase enzyme; 
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• a first common primer hav 

common PBS in ^ sequence complem^nf, 

iD:>in the hrst NCR of the <;pd . P'^^^entary to the fi 

an agent for inducing extPnc- 

"°" o( a required cofacior ti. . . ""activated bv ni.=,„. • 

serve to ini!ii^I.!fr!k "^"^ ''^ described by some sru^c 

« Illustrate the mvention R-,^« ^^^^ ^»mples whirh 

temperah,«s, and number of amnrr '«««ion times 

example only. Optimiza^^n 1 T^^rr ''^^ ^^o-n ^or 
- - - -Pe .e invent isTb^a:^^^^ ^ - - 

£xa«»/« ^ 'PP^"ded claims. 
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A HPV ,6 specific sptTt"' 

5 • Tor.,.. . P""* "'sent (SEQ ID NO „ I. 
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A HPV 33 specific split probe reagent (SEQ ID NO. 3) havine the spo. 
A common PGR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA-3 • • 

A common PGR primer B (SEQ ID NO. 5) having tie sequence- 

5 ' -GGTTATCGAA ATCAGCCACA G-3 ' • and 

A genenc detection probe (SEQ ID NO. 6) having the sequence: 

S ' -TGGAGGAGTC CATGACGAAA-3 • 

«nd of each SPR r«o m kt^x- i * . ^ * w v targets, ihe 5 

Primer aTsEQ ^^'^I;!^"''''^ ^'^ ~ " 

i^cv iL/ iNu. 4; IS complementary to the first itaIiriTA/i 

pHm„ B (SEQ E NO. 5) is ide„«ca. » Jsecond iJ^^^:^:!:: i. 
like segment 30 (figures Ic and 2c), is . PBS- site Th.l«>M 
*a. o( 0.e de.ec«.„ ,SHQ ^ NO.Twt^^^^^'ZZr 
complementary strand of the SPR ThA 

« u pnmer sequences and the detPrHn« 

probe sequence are derived from bacteriophage lambda 

Individual reactions containing either no HPV DNA or various 
concentrarions of HPV 16 HPV 18 or hpv -it on, a • vanous 

SPR (SEQ ID NOs l tT ^ ^"""^"'^^ 

K pty ID NOs. 1-3). The reaction contains 10-50 mM Tris dH fi ^ i «; x., 

M^Ii ^50 mM Ka, 0.1-10 m NAD/ATP co(.c.r, uIZl JoZ\:Z 

nested to 95 C for 1 mmute to denature aU double stranded nucleic acid =nH 
cooled » SS-C for 1-60 min. to allow the split p„bes to anneal ^fteTr 
respective HPV targets. When annealed to the proper HPV ,a,l „ 
DNA Ugase win ioin the 5' and 3- ends ot the s^i. p^pX?:::^,, 

r^!::, des^:.''^"'"'' - 

Reactions are then diluted to 100 ^ for PCR amplification Final PCR 
conditions are 20-50 mM Tris pH 8.3. 20-50 mM KCl. 1-5 mM MgClX mM 
eac^ dATP. dCIP, dGTP. TTP, 0.001% („/v, gelatin, about ll «ch d 
PCR primers A and B (SEQ ID NOs. «) and f.5 units T., DNA poLT " 
Reactions are cycled for 40 cycles of consisting 0/ 1 minut! a, 95-c ? „ 
and 1 min. at 65'C. at 95 C, 1 mm at 55"C 
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After amplification, reaction products are visualized following 
electrophoresis through a 1% agarose gel and staining with ethidium bromide 
The predicted 127 base pair PCR product is produced only when the proper sol 
probe and HPV target are present in the same reaction. t- k pi 

In an alternative detection method, PCR reaction products are mixed 
with an excess of the generic detection probe (SEQ ID NO. 6) which has been 
32P-Iabeled at the 5' end with T^2p.ATP and polynucleotide kinase The 
mixture is heated to 95'C for 1-5 min. and cooled to 55»C for 1-5 min An 
aliquot is then electrophoresed through a 10% non-denaturing polyacrylamide 
gel. Hybridization of the probe to PCR amplification product is identified after 
autoradiography. Once again, the labeled gel shift products are produced onl^ 
when the proper split probe and HPV target are present in the same reaction 

Examp l e 2: Multiplex amplification of sections of the CFTR gene and 

detection of Cystic Fibrosis mutations 

Cystic fibrosis ("CF") is caused by mutations in the Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene. Zielenski, et al 
Genomic DNA sequence of the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene , Genomics 10, 214-228 (1991). The mutations most 
commonly causing CF are those specified as AF508, G551D and W1282X. AFsos 
speafies a three base deletion at DNA position 1653 which causes the loss of the 
phenylalanine which occurs pn^JHo- 5O8 of the normal CFTR protein- G551D 
specifies a G to A change at DNA position 1784, causing replacement of the 
normally-occurring glycine at position 551 with aspartic acid; and W1282X 
specify truncation of the CFTR protein after position 1281 by creating a 
nonsense mutation (G to A at DNA position 3978) causing the gene to code for 
no amino acid at position 1282, rather than the normally occurring tryptophan. 

Each of the following polynucleotides is synthesized; 
A G551D specific split probe reagent (SEQ ID NO. 7) having the sequence: 
5'-TCTCCACTQA gTfiTrTftTTrr ctchtctacg gacacgaact catcctctcg 

TTATCGAAAT CAGCCACAGC TCTTGGAGGA GTCCATGACG AAACTCTM& 
GAAATTCTTG CTrnT'vqf^--i • ; 

A W1282X specific split probe reagent (SEQ ID NO. 8) having the sequence 
5' -CACTgTTGrA AAffTTftTTrfft ftT CTCTrGTA CGGACACGAA CTCATCCTCT 

GGTTATCGAA ATCAGCCACA GCTCTTGGAG GAGTCCATGA CGAAAGATGA 
ACTGATTGCC CGTCTCTCTA CTCrAAAr.r.r 'T"Vjnn>j>y.-> . . 
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A AF508 specific split probe reagent (SEQ ID NO. 9) having the sequence- 

5' -ATgATATTTT CTTTftftTfffiT rTrr CTCTrGr ACGGACACGA ACTCATCCTC 
TGGTTATCGA AATCAGCCAC AGCTCTTGGA GGAGTCCATG ACGAAAGATG 
AACTGATTGC CCGTCTCCGC TCGCTGGGTG AACAACCTCT TATATTr ft T^^ 
5 ATAGGAAarA . . 

A common PCR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA-3 ' ; 

A common PCR primer B (SEQ ID NO. 5) having the sequence: 

^° 5 ' -GGTTATCGAA ATCAGCCACA G-3 ' ; 

A G551D detection probe (SEQ ID NO. 10): 

5 ' -AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C-3 ' • 

A W1282X detection probe (SEQ ID NO. H): 

5 ' -ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT-3 ' • and 

1 5 A AF508 detection probe (SEQ ID NO. 12): 

5 ' -TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC-3 ' 

In the three SPRs (SEQ ID NOs 7-9) the underlined portions represent 
the 5' end and 3' end which are specific for the respective mutations in the 
CFTR gene. The detection probes (SEQ ID NOs 10-12) are designed to hybridize 
with these underlined regions once the ends are ligated. The 5' end of each 
SPR (SEQ ID NOs 7-9) is phosphorylated to provide a ligatable end. Primer A 
(SEQ ID NO. 4) is complementary to the first italicized sequence and primer B 
(SEQ ID NO. 5) is identical to the second italicized sequence since it, like 
segment 30 (figures Ic and 2c), i$ a PBS' site. The primer sequences and the 
differential length insertion sequences are derived from bacteriophage lambda 

Individual reactions including genomic DNA containing either the 
G551D, the Wi282X or the AF508 mutation within the CF gene are incubated 
with each SPR (SEQ ID NOs. 7-9). The reaction contains 10-50 mM Tris pH 8 3 
1-5 mM MgCl2, 20-50 mM KCl, 0.1-10 m NAD/ATP cofactor, 1-5 units of DNA 
ligase and approximately 15-30 nM of SPR in a volume of 50 ^1. The reactions 
are heated to 95°C for 1 minute to denahjre all double stranded nucleic acid 
and cooled to 55»C for 1-60 min. to aUow the split probes to anneal to their ' 
respective mutant targets. When annealed to the proper mutant target 
sequence, DNA ligase will join the 5" and 3' ends of the split probe to produce a 
circular molecule. The reactions are then heated to lOO'C for 10 min. to 
inactivate the ligase. 
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Reactions are (hen diluted to 100 vl for PCR amplification Final PCR 
cond.«ons are 20-50 Tris pH 8.3. 20-50 n,M KCl, 1-5 mM M^b 2M^m 
each dATP. dCTP, dGTP. TTP. 0.001% (w/v, gelatin, about .j!lZl^^ 
prunes A and B (SEQ ID NOs. 4-5) and 1-5 units T., DNA polymerase 

L'df ^ « 2^"" ^''^ 95.C. 1 nun at 55. 

After ampUfication, reaction products ai» visualized following 
eIectrophor«is through a 10% polyacrylanUde gel and staimng with ethidium 

for the W,2,2X mutation and 163bp for the AFso, mutation are produced only 
when the proper split probe and mutant target sequence are present in the 

same reaction. 

In an alternative detection method, PCR reaction products are separated 
by virtue of a specific hybridization capture and are labeled with a common 
label. Thus, primer A is biotinylated at its 5' end. Following the Ueation 
reaction (as above), unligated SPRs are degraded using exonudease VH which 
IS reported not to act on circularized probes. Amplification proceeds as above 
the biotmylated primer being incorporated into extension products of the fii.t' 
pruner A. Each of the detection probes (SEQ ID NOs 10-12) is spotted onto three 
disci^te spots in a linear array on a sheet of nitrocellulose and dried. n,e sheet 
of mtroceUulose is cut into three strips each strip containing a spot for each 
detector probe. The three strips are incubated under hybridizing conditions 
with amplified reaction samples from individual patients as follows strip 1 
with sample from a patient having the GssiD mutation, strip 2 with sample 
from a patient having the W^siX mutation, and strip 3 with sample from a 
patient having the AF508 mutation. After incubation, the strips are gently 
washed and incubated with a conjugate of anti-biotin:colloidal gold. Following 
a rinse, the strips are observed for the presence of a reddish-brown color at each 
of the spots. On each strip, only the spot having the detection probe specific for 
the patient's mutation should be visible. 
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(A) NAME: Thomas D. Brainard 

(B) REGISTRATION NUMBER: 32^459 

(C) ATTORNEY DOCKET NUMBER: 5626. US, 01 

(ix) TELECOMMUNICATION INFORMATION* 

(A) TELEPHONE: 708/937-4884 

(B) TELEFAX: 708/938-2623 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(xi) SEQUENCE DEJtCRIPTXON: SEQ ID N0:1: 

TGCATAAGCA CTAGCATTTT CTGTGCTCTT GTACGGACAC GAACTCATCC Trrrv-rvr.^^ 
t^c"""' ^^^^^^"^ CAGGAGTCCA ^ACGAAACT ^J^SSa ^C^ccll ,11 

127 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO • 2 • 
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CGTGGCGGCA TGGGAACTTT rAr^^ 
?-^C OTJg^ 

CTCCCTAACG TCCTCAGAAA 

f2) INFORMATION FOR SEQ IDNOO- 

'X) SEQUENCE CHARACTErJ^zcs . 

cITf • nucleic acid 
f?*ANDEDNESS: single 

ui> mc5S^cSe~j?s: 

ISSSSIT CAGTGCTCTT CTACCGACAC fiAAr^.«- 
GTTOTCC GAGGAGTCCA TOAcSJ^ SJSJS? ^""A^ 

^^(.tTATTA TCAGCACCCG 

FOR SEO Tn Mrt.^ 12 
fx) SEQUENCE CHARicTER^mis • 
A LOJOTH: 20 b«.e 
IB) TTPE: nucleic acid 
n fpANDBDMESS; sinole 

GATGAGTTCG TGTCCGTACA 

FOR SEO Tn M/^.c 20 

i^i Hl^' nucleic acid 

fJRANDEDNESS: single 
(D) TOPOLOGY: linear 
(11) MOLECULE TYPP. - ? 

GGTTATCGAA ATCAGCCACA G 

FOR SEO Tn M«.^ 21 
(1) SEQUENCE CHAR):CTra??f.Jcs. 

A LE^H: 20 base Sf„ 

il^-' ""cleic acid 
(C STRANDEDNESS: single 

TGGAGGAGTC CATGACGAAA 

<2) INFORMATION FOR SEQ ID NO- 7- 

^fOUENCE CHARACTERISTICS: 
A LENGTH: Ufl base pairs 
i^l V^^' nucleic acid 
C STRANDEDNESS: single 
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60 
120 
137 


sssss ?Ks ssjss 

(2) INFORMATION FOR SEQ ID NO- 8- 

(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 137 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
(DJ TOPOLOGY: linear 

11 MOLECULE TYPE: synthetic DNA 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CACTGTTGCA AAGTTATTGA ATCTCTTGTA ccr^r^r^^. ^ 

ATCAGCCACA GCTCTTCGAG GAGTCcSS JSJfJf^ CTCATCCTCT GGTTATCGAA 
CTCCAAAGGC TTTCCTT ^^^^^^^ATGA CGAAAGATGA ACTGATTGCC CGTCTCTCTA 

(2) INFORMATION FOR SEQ ID NO-9- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 163 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
J*" TOPOLOGY: linear 

It- I ^2^^^ synthetic DNA 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

^^S^ JSSJSS '^^"^ 

•fCGCTOGGTG AACAACCTCT TAtXS^JS JJT^"^ CCGTCTCCGC i^J 

163 

(2) INFORMATION FOR SEQ ID NO- 10- 

( 1 ) SEQUENCE CHARACTERISTIC^ • * 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

11 MOLECULE TYPE: synthetic DNA 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

AAAGAAATTC TTCCTCGTTG ATCTCCACTC AGTGTGATTC C 

41 

(2) INFORMATION FOR SEQ ID NO-11- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

11) MOLECULE TYPE: synthetic DNA 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

ACTCCAAAGG CTTTCCTTCA CTGTTCCAAA GrTATTGAAT 

40 

(2) INFORMATION FOR SEQ ID NO-12- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 


60 
118 
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'ii) MOLECULE TYPE- s^/n^^. 

^ 
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What is ClaimpH ic- 

1. A method for amplifying a target nucleic acid sequence 
comprismg: 

(a) forming a reaction mixture under hybridizing conditions with 
W a sample suspected of containing a target strand with a 

s JfnlTfr; ^''^"^ ^ ^^"Sie 

(ii) at least one split probe reagent having a 5' end 
complementary to a first segment of the target strand and a 3' end 
complementary to a second segment of the target strand, the second 
segment being sufficiently near the first segment such that 5' end can be 
jomed to the 3' end when the spUt probe reagent is hybridized wir^.^ 
target strand wherein said 5' end and said 3' end are on two distinct 

i^^T^T " " "^'^ — °- polynucleotide; 

the p^.t probe reagen. f .uther having a first non-compl«nrtary re^o^ 
oca^ed downstream of the 5' end and not complement^ to th?;arr 
trand, and a second non-complementary region located upstream of the 

3 end and not complementary to the target strand; and 

(«i) an agent for ligating together said 3' and 5' ends of the soUt 
probe reagent; P"' 

t,^^\ f * 5' '"<^ 0' »P"' P«"» r"gen. while 


• ° - "um me target strand; 

(d) treatmg the reaction mixture under hybridizing conditions with- 
0) an excess of ampUfication primers wherein a first primer ' 
has a sequence complementary to a primer binding site CTBS") located 
.n sa.d first non-complementary region; and wherein a second p^er 
has a sequence identical to a site ("PBS' ") located in said second non 
complementary region, with the proviso that if said split probe rea.ent is 
continuous the PBS located in said first non-complementary region s 
upstream of said PBS' located in said second non'complemeLTre L" 
(") ^ supply of deoxynudeotide triphosphates; and ' 
(ni) an agent for inducing extension of the primers- 

therefroL; ^^^"^ ~ 
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(0 treating the reaction mixture under denaturing conditions to 
separate pnmer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions tn 
anneal the primers to the ligated probe or to extenln proLTTt^^Z ^ 
pnmer and extending the primers to form extension products th JeJrom 

formation of °^ ' '"'^^'^ ^'"P"^^^ ' ^*«P «^ <letecting the 

l^aTnTu^oT ~ '''^'"^^ ^^^^ — '^ough' 

3. The method of claim 2 wherein said split probe reagent includes: 

(a) ^ ^"^-t^^er segment having a unique sequence that is 
««^ed by , UM«. o, a cap.„e p™.. J. u.^ ,0. 

.V • defined length such tlue the 

total «,gth of ex,«sion product formed therefrom is unique for , splT 
target sequence. ^t'^^m^ 

polynucleotide loop is formed. 

5. The method of claim 1 further comprisine nrior c,iH . 
s»P of step ,c,. an addition,, step of separating spm^^hZJ^^ 
complexes from unhybridized spUt probe reagents iT the rea«ion 

6. The method of claim 5 wherein said spUt probe reagent comorises 
™e contmuous polynucleotide and wherein said additL. s.p!^^°Z 
compr«es selectively degrading unligated split probe reagem. 

idenHcal sequ'l?*"" ' '"""^ 

8. The method of claim 1 wherein a plurality of spUt probe reaeents 
- used m the s«ne reaction mixture, each spUt probe reagent having 5 td - 
ends complementary to different target sequences and ea* havin,r L 
Jhe PBS located in said firs, non-complementary region an^ *e pls ,i 7"°" 
located m said second non-complementary region, whereby each such split 
probe reagent, once ligated, is ampWied by a common primer set. 
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9. A kit for amplifying a target nucleic add sequence comprising in 
one or more containers: 

(a) at least one split probe reagent having a 5' end complementary to a 
first segment of the target strand and a 3' end complementary to a second 
segment of the target strand, the second segment being sufficiently near the first 
segment such that 5' end can be joined to the 3' end when the split probe 
reagent is hybridized with the target strand, wherein said 5' end and said 3' end 
are on two distinct polynucleotides or on different ends of one continuous 
polynucleotide; the split probe reagent further having a first non- 
complementary region located downstream of the 5' end and not 
complementary to the target sti-and, and a second non-complementary region 
located upstream of the 3' end and not complementary to the target sti-and; 

(b) an agent for ligating together said 3' and 5' ends of the split probe 
reagent; 

(c) an excess of primers wherein a first primer has a sequence 
complementary to a primer binding site ("PBS") located in said first non- 
complementary region; and wherein a second primer has a sequence identical 
to a site ("PBS' ") located in said second non-complementary region, with the 
proviso that if said split probe reagent is continuous the primer binding site 
located in said first non-complementary region is upsti-eam of said site located 
in said second non-complementary region; 

(d) a supply of deoxynudeotide triphosphates; and 

(e) an agent for inducing extension of the primers. 

10. The kit of daim 9 comprising a plurality of spUt probe reagents, 
each spUt probe reagent having 5' and 3' ends complementary to a different 
urget sequences and each having in common the PBS located in said first non- 
complementary region and the PBS' site located in said second non- 
complementary region, whereby each such spht probe reagent, once ligated, can 
be amplified by a common primer set. 
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